INTRODUCTION
Placement of a dowel-core for retaining final restorations is a fundamental technique when a large amount of the coronal structure of the abutment tooth has been lost or only the root is remaining. A core provides the retention and resistance form for the restoration, and a post serves to retain the core. In addition, it is considered as a reinforcement for the endodontically-treated weakened root structure. Dowel-cores are made by various techniques such as a traditional cast core, cast-joint with prefabricated dowel-post, or buildup plastic filling materials combined with a prefabricated post1,2). Especially popular today is the use of composite resin core with prefabricated dowel post, principally because of the clinical merits, i.e. simplified clinical procedures, reduction of the time cost due to the very short polymerization time, developments in bonding systems to dentin3), involving inverted undercuts, and improved commercial dowel system kits.
However there is a possibility that an increased incidence of vertical root fracture which can not be seen in the vital tooth has a strong relation to the dowel placement. The functional force applied to the final restoration transmitted from the dowel post via the core creates significant stress within the supporting root structure.
It is possible that the retention mechanisms of the cemented posts in dowel spaces are the same, except for the self-threaded type, even if the core materials are different. However Kovarick et al. reported that the resin core had less durability and failed more frequently than the amalgam core in their fatigue test4). On the other hand, Hatzikyriakos et al. showed that there was no significance between different restorative techniques during a three year clinical observation5).
In terms of the mechanical properties, the strengths and elastic moduli of the dowel-core are also important.
The elastic modulus is related to deflection and deformation, and to the rigidity of a post within a limited size. Moreover, water sorption by composite resins in the long term has a tendency to decrease their strength and elastic modulus. Comparisons of dowel post designs were investigated by various in vitro studies such as photoelastic experiments or the finite element method analysis and fracture resistance test6-10). However, few studies have reported the effects of the material properties of the dowel and core on the stress concentration in the root. Are the elastic moduli of both the dowel and core, as well as the post design, important factors responsible for differences in stress distribution within the root dentin?
The purpose of this study was to compare 1) the mechanisms of different response in stress transfer to the root by means of the alterations of elastic moduli of core and dowel post, and 2) which variables have the greatest influence on the root stress distribution, by the use of a two dimensional finite element method.
MATERIALS AND METHODS
To evaluate the roles of the dowel post and core, the parameters of elastic moduli of both were set to analyze the individual effects and their contributions to the stress distribution in the radicular portion.
Elastic moduli and Poissons' ratios of the dowel-core materials and components of dental structures used for finite element method (FEM) analysis are presented in Table 111 - 19) , that is, the elastic moduli of the dowel posts were set at three values, 20,000kg/mm2, 15,000kg/mm2 and 8,000kg/mm2, representing hard prefabricated dowel posts (like stainless steel and cobaltchromium), medium hard prefabricated dowel posts (like nickel-chromium and titanium alloy) and custom cast dowel (cast gold and silver alloys).
In spite of a literature survey, direct information concerning the decrease in elastic modulus of composite resins immersed in water for very long periods could not be obtained. It was estimated from two previous reports (immersion of composite resins in water for a three year period20), and core composite resins stored in water for 12 weeks21)) that the elastic modulus reached about 500kg/mm2 after 3 years and 340-400kg/mm2 after five years. Considering this result, the elastic moduli of cores were set at both 300kg/mm2 and 600kg/mm2 for composite resins, and 8,000kg/mm2 for the cast core.
A dowel-core was designed on the following assumption. The greater part of the coronal tooth structure was destroyed over the cement-enamel junction, having only the root. The core was designed so that the occlusal surface was removed by 1.5mm Models of (a) and (d) were restored with stainless steel dowel and composite resin core, (b) and (e) models were with cast dowel-core, (c) and (f) with composite resin dowelcore as control.
Note wedge-effect can be seen in dentin at the end of the dowel and stress in restoration predicts higher with composite resin core. In addition, color mappings show different intensities for vertical and oblique loading. significant difference between the parapost with the composite resin core and an amalgam core5). In vitro studies have led to a disagreement about the durability of composite resin versus amalgam as core materials, from the result of fatigue tests4,27). The materials of post/core combination might not reach agreement between clinical researches and in vitro studies.
Regarding the influence of the dowel and core materials on stress distribution, Yaman et al. reported that the effects of different core materials-composite resin, amalgam and cast core-did not cause significant alteration of the stress concentration around the post by photoelastic experiments, and also found that as the physical properties of the core increased, the stress became concentrated greatly at the region of cervical third of the post28). This is in disagreement with the present study, in which the stress concentration in the root tended to be significantly different; higher stress was distributed when the elastic moduli of core decreased and that of dowel increased. Each model experiment might have some limitations.
One of the causes of this difference seems to be that the photoelastic experimental method has difficulty in coordinating the elastic moduli of complex materials.
Although FEM analysis also include errors by properties character, meshing, boundary condition, it is easier to coordinate the material properties.
This study suggested that a dowel post with a higher elastic modulus has more stress gathering capacity, which propagates to an adjacent structure such as the luting cement or root dentin. As dentinal stresses under the core were considered to be almost the same as those at core-dentin interface, these stresses were not compared in this study. It might be responsible for no luting cement layer under core in this FEM model. The cement layer seemed to re-distribute stress. Contributing rates to the peak stress values by the change of elastic moduli of dowel posts and cores are shown in Table 3 . The change of elastic modulus of the post affected greatly the peak stress at the interface of the post during both vertical loading and oblique loading. The contributing rate of the dowel post was more than 90%, and the core material did not contribute.
Also the change of the dentin stress adjacent to a luting cement along the post during vertical loading was explained by the variation of the elastic modulus of the post, contributing rate almost 100%. The wedge-effect appeared distinctly in the root dentin when vertical force was applied (Fig. 2-a, b) . In contrast, the peak dentin stress along the post during oblique loading depended more 
